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(57) ABSTRACT 

Amethod and apparatus are provided for reducing the stable 
lamp standby poWer to the order of 5% of nominal full 
power in order to reduce the effects of heat from the lamp on 
a substrate during production downtime. In particular, a 
poWer controller changes the operating voltage and current 
of the lamp, and controls the temperature of the lamp in 
order to maintain stable lamp operation at the changed 
voltage and current. 

15 Claims, 4 Drawing Sheets 
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FIG. 1 
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FIG. 2 
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LAMP CONTROL SYSTEM 

FIELD OF THE INVENTION 

The present invention relates to controlling the poWer 
output from lamps such as arc lamps for example. 

BACKGROUND OF THE INVENTION 

Mercury arc lamps have a number of applications in 
industry such as ultraviolet lamps for drying ink in printing 
applications. Industrial applications often require that the 
output from the lamp be controlled. 
An example of such an application is illustrated schemati 

cally in FIG. 1, Which represents an ultraviolet curing 
system for a printing application. After applying UV inks or 
coatings (2), a substrate (1) passes under an ultraviolet lamp 
(3) causing the monomers Within the ink or coating to 
cross-link and cure. On certain applications the substrate 
Will stop underneath the ultraviolet lamp (3) Which is 
controlled to sWitch doWn to 20*30% of its nominal poWer. 
HoWever, on recently developed heat-sensitive substrates 
(1) this level of poWer can still be suf?cient to cause the 
material (1) to melt or burn. 

The poWer output of a lamp is typically controlled by 
sWitching capacitors into and out of the lamp circuit as 
described, for example, in US. Pat. No. 4,873,470. The 
practical limits of this arrangement are about 20% of normal 
full poWer. Any further reduction in lamp poWer results in 
the lamp’s operation becoming unstable, for example the 
lamp ?ickers, Which is undesirable for both the curing 
operation to Which the lamp is applied and the lamp life. 

SUMMARY OF THE INVENTION 

The present invention aims to provide a control system by 
Which an arc lamp may stably operate at very loW poWer, for 
example less than 20% of nominal poWer, and preferably 
betWeen 3% and 7% of nominal poWer. The present inven 
tion also aims to provide an alternative method of control 
ling the lamp poWer output. 
By externally in?uencing the temperature of the lamp, the 

voltage and current at Which the lamp Will stably operate can 
be modi?ed. In this Way, the percentage of nominal poWer 
at Which the lamp Will stably operate can be reduced by 
externally controlling the operating temperature of the lamp. 
Preferably, this is achieved by passing an air?oW across the 
lamp to maintain the lamp Within predetermined temperature 
limits. 

The present invention is especially applicable to drying in 
printing applications utiliZing a UV mercury arc lamp. These 
can typically stably operate betWeen 2041 00% of nominal 
poWer. This means that should the printing apparatus need to 
stop production for a period then the lamp can be sWitched 
doWn to standby poWer (e.g., 0.0%) in order to reduce the 
heat build up to the apparatus and material (substrate and 
printing ink) adjacent the lamp. HoWever 20% standby 
poWer is still quite appreciable, especially for certain types 
of substrates, and can damage these requiring further inter 
ruptions to production. The invention provides for loWer 
standby poWer (e.g., 5%) While still maintaining stable 
operation of the lamp such that it can quickly be brought up 
to full or high poWer again for normal operation of the 
printer. 

The present invention also provides a system and method 
of rapidly changing from full poWer to loW or standby 
poWer, by sWitching the lamp olf for a predetermined period 
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2 
and thereby alloWing the lamp to cool. The lamp is re-ignited 
at the loWer temperature With loWer voltage and/or current, 
and the lamp is maintained at this loWer temperature. 
Preferably, the step of alloWing the lamp to cool further 
comprises passing an air?oW over the lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in detail With reference 
to the folloWing draWings, by Way of example only and 
Without intending to be limiting, in Which: 

FIG. 1 is a schematic diagram of a printing application 
using an ultraviolet lamp; 

FIG. 2 shoWs a control system according to the present 
invention; 

FIG. 3 is a schematic of one embodiment of the poWer 
supply of the system of FIG. 2; and 

FIG. 4 is a How chart of the control of a lamp in a printing 
application. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a knoWn printing application using an 
ultraviolet mercury arc lamp (3) in Which a substrate (1) is 
moved in the direction indicated D ?rst under a printing 
apparatus (2), then the ultraviolet lamp (3). Printing ink is 
applied to the substrate by the printing apparatus (2), the 
substrate and ink are then exposed to the ultraviolet radiation 
of the lamp (3) Which cures the ink. On occasion, for 
example if there is a problem With the substrate feeder (4), 
the substrate is stopped such that part of the substrate is 
exposed to the ultraviolet lamp (3) for the period during 
Which production has stopped. Typically, the lamp is 
reduced to What is knoWn as a “standby” poWer level 
(typically 20*30%). HoWever, even this loW poWer level can 
be damaging to certain types of substrates. 

Mercury arc lamps initially require a high current through 
the lamp to heat up the liquid mercury via gas excitation, this 
is knoWn as striking. As the mercury vaporiZes, knoWn as 
burning-in, the impedance of the lamp increases such that 
the voltage increases and the current reduces. The voltage 
and current stabiliZe When all the mercury has vaporiZed, 
and the lamp is said to have been burned in. The lamp poWer 
can be reduced by loWering the current of the lamp Which 
may result in some mercury liquefying especially at very 
loW currents, hoWever the lamp remains running stably. The 
practical limit for standby poWer is about 20%, any loWer 
and the lamp is likely to extinguish. By running the lamp in 
standby poWer, the lamp can quickly be brought back up to 
full poWer Without the need to sWitch the lamp olf When 
production is halted, then Wait While it is started again (strike 
and burning-in stages). This can save considerable produc 
tion doWn-time, but as explained above can result in some 
substrates being damaged While left stationary adjacent the 
lamp at standby poWer. 

Referring noW to FIG. 2, an embodiment of the invention 
is there shoWn and comprises a poWer supply (10) coupled 
to the lamp (3), an air?oW generator (11) Which is controlled 
by an air?oW controller (12). The air?oW generator (11) is 
arranged to pass an air?oW (A) across the lamp (3) Which 
has the effect of changing the temperature of the lamp. The 
air?oW controller (12) controls operation of the air?oW 
generator (11) by either toggling the generator (11) on and 
off, or by reducing or increasing the air?oW (A). The poWer 
supply (10) is arranged to control the voltage (V) and current 
(I) supplied to the lamp (3). The temperature of the lamp (3) 
is indicated by (T) in FIG. 2. 
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When the air?ow generator (11) is operational, the air?oW 
(A) passing over the lamp (3) reduces the temperature (T) of 
the lamp, and stopping or reducing the air?oW alloWs the 
temperature of the lamp to rise. Maintaining the lamp 
temperature Within predetermined limits alloWs the lamp to 
operate at much loWer poWer (VI) levels than Would other 
Wise be possible. For example, the lamp poWer can be 
reduced to as loW as 3% of nominal poWer While still 
maintaining operation (i.e., the mercury arc is still present 
and the lamp doesn’t have to be restarted). In order to avoid 
damaging any currently available substrates (1), the lamp (3) 
is preferably operated betWeen 5% and 7% of nominal 
poWer in standby mode. In order to achieve this, the air?oW 
generator (11) may either be toggled on and off by the 
air?oW controller (12), or the level of air?oW A increased or 
decreased to maintain the required lamp temperature T. 

In order to sWitch betWeen full lamp poWer and standby 
poWer, the lamp is switched off either by signi?cantly 
reducing its temperature (T) using the air?oW (A), and/or by 
switching off the poWer (VI) to the lamp (3). Once the lamp 
temperature (T) has reduced to a predetermined range, then 
the lamp is alloWed to re-ignite at a loWer poWer rating (VI). 
The controller (12) maintains the lamp (3) at this loWer 
temperature range in order to maintain steady state illumi 
nation of the lamp (3) at reduced poWer. 

In a preferred arrangement of the embodiment, the lamp 
is an ultraviolet lamp of the mercury arc lamp type, for 
example a 79 cm arc lamp head With a nominal poWer of 200 
W/cm (15800 W). At full poWer the lamp operates at 1350 
volts and 13 amps. At 30% poWer, the lamp operates at 1150 
volts and 4.5 amps. Using the embodiment, the lamp can be 
made to run stably at 5% of poWer at 600 volts and 1.35 
amps by maintaining the lamp temperature at around 4500 C. 

The temperature of the lamp (3) can be determined in a 
number of Ways, including, for example, directly via a 
thermocouple in the proximity of the lamp (3). In the lab 
various air?oW con?gurations and values are tested to 
determine the optimum air?oW ?gures to maintain the lamp 
Within predetermined temperature ranges. These air?oW 
?gures are then used for commissioning the lamp under 
on-site conditions 

The poWer supply (10) is either a digital poWer supply 
(DPS) or a traditional transformer system. The DPS system 
has the facility for controlling the current (I) ?oWing in the 
lamp (3) and the voltage (V) applied across it. The trans 
former system controls only the poWer input for a given 
system con?guration. The embodiment has a number of 
advantages over prior art arrangements When applied to the 
printing application of FIG. 1, including lack of damage to 
substrates (1) that stop underneath the UV lamp (3), reduced 
energy consumption (5% instead of 30%), reduced risk of 
?re, and reduced build up of heat Within the press. The 
embodiment, When used With the DPS, also alloWs the use 
of multiple fractions of the nominal poWer of the lamp for 
different applications from approximately 15% to 100% of 
nominal lamp poWer. The embodiment also provides a 
method of rapidly sWitching betWeen nominal or full poWer 
and loW poWer settings, Which is particularly important in a 
production setting Where interruptions to production should 
be kept to a minimum. By applying an air?oW (A) to the 
lamp (3), the lamp is rapidly cooled and can then be alloWed 
to re-ignite at the loWer poWer setting. 

FIG. 3 shoWs a second embodiment of the present inven 
tion Which utiliZes a transformer based poWer supply. The 
embodiment comprises a lamp (3), air?oW generator (11), 
and air?oW controller (12) as before, the poWer supply (10 
in FIG. 2) comprises a three-phase transformer (23), tWo of 
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4 
the secondary phases being coupled across the lamp (3). 
Also coupled across the lamp (3) is a capacitor (C0) and a 
bank of sWitchable capacitors (21). The capacitor bank (21) 
comprises a number of capacitors (CliC3) together With 
associated sWitches (SliS3). The sWitches (S) are in turn 
controlled by a sWitching controller (22) Which is arranged 
to sWitch the various capacitors (CliC3) into and out of the 
secondary circuit of the transformer (23). As is Well-knoWn, 
this has the effect of varying the poWer supply to the lamp 
(3) such that fractions of the nominal or full operating lamp 
poWer can be achieved. In prior art arrangements, the 
practical minimum fractional poWer is typically 20% of 
nominal lamp poWer. In the present embodiment, hoWever, 
by reducing the temperature of the lamp (3) using the air?oW 
generator (11), the lamp (3) can be made to operate stably at 
even loWer fractional poWers, for example 5%. 

In order to maintain the lamp (3) Within the predetermined 
temperature range, the embodiment uses current sensors 
(24) on the primary circuit (23) Which have a knoWn 
correspondence With the current (I) through the lamp (3). 
From this value the air generator (11) is actuated to a 
predetermined value in order to maintain the lamp tempera 
ture and stability. 

Referring to FIG. 4, a preferred method of operating the 
lamp in a printing application is described. Following igni 
tion of the lamp using a high voltage in the knoWn manner, 
When the lamp is fully burned in, it Will run in its normal 
steady state mode at 100% nominal poWer. Signal 1 indi 
cates that the substrate (1) of FIG. 1 has stopped moving in 
direction (D) and that the poWer of the UV lamp should be 
reduced to 5% in order to remain benign against the proxi 
mate substrate (1). This Will occur if, for example, there is 
a problem With the substrate feeder or a problem With the 
substrate mechanism. 

Upon detection of Signal 1, all of the capacitors Cl£3 of 
the capacitor bank (21) are sWitched out of circuit in order 
to reduce the lamp poWer to 5%. The air?oW generator (11) 
is also set to maximum air?oW (A) Which rapidly cools the 
lamp (3) and, as a consequence, sWitches it off. Once the 
lamp has cooled to Within a predetermined range of tem 
peratures, the air?oW generator (11) is reset to an interme 
diate air?oW setting and toggled on and off by the controller 
(12) in order to maintain the lamp Within the predetermined 
temperature range. The lamp automatically reignites at the 
loWer (5%) poWer (this is a characteristic of this system) and 
runs stably at this poWer level With the air?oW generator (11) 
maintaining the lamp (3) Within the predetermined tempera 
ture range. 

Signal 2 indicates a drying phase of printing ink on the 
substrate (1) and is coupled to movement of the substrate 
such that the neWly printed area is noW proximate the UV 
lamp (3). Upon detecting Signal 2, air?oW generator (11) is 
switched off, and some of the capacitors (CliC3) of the 
capacitor bank (21) are sWitched in the circuit Which 
increases the poWer consumed by the lamp (3) to 30% of its 
nominal poWer. In FIG. 3, sWitch (S3) is shoWn closed and 
thereby sWitches in capacitor C3. Signal 3 corresponds to the 
printed area having been dried and the substrate (1) being 
moved in direction (D). Upon detection of Signal 3, all of the 
capacitors (CliC3) of the sWitch bank (21) are sWitched in 
circuit Which brings the lamp (3) back up to full or 100% 
nominal poWer. This corresponds to the substrate (1) being 
moved under the lamp (3) in the direction (D). 

Preferably the printing apparatus of FIG. 1 and the air?oW 
controller (12) and capacitor bank controller (22) are in turn 
controlled by a PLC system. 
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By controlling the switches (S F83) in the capacitor bank 
(21), and in tandem controlling the air?oW A over the lamp 
(3), it is possible to stably maintain a large number of 
possible poWer levels appropriate for different applications. 
For example, different poWer levels may be appropriate for 
different printing inks and/ or substrate materials. By apply 
ing an air?oW (A) across the lamp (3) the heat from the lamp 
(3) can be reduced very quickly, thereby avoiding the effects 
on the substrate that a residually hot lamp (even When 
sWitched o?) might cause, such as crinkling the substrate 
Which can damage subsequent printing apparatus. The use of 
more appropriate poWer levels also reduces poWer consump 
tion Which can be signi?cant in a large plant, and has the 
additional bene?t of not requiring the same heat dissipation 
measures necessary for prior art arrangements in Which an 
necessarily hot lamp heats up surrounding plant. 

While it is preferred to apply cool air (A) to sWitch the 
lamp off and alloW to cool before re-igniting at the loWer 
poWer, it is possible to simply sWitch the power off and alloW 
the lamp to cool naturally before reapplying the loWer 
poWer. As an alternative to measuring the current (primary 
or secondary), the voltage across the lamp may be measured. 

The invention has been described With reference to pre 
ferred embodiments thereof. Alterations and modi?cations 
as Would be obvious to those skilled in the art are intended 
to be incorporated Within the scope hereof. 

The invention claimed is: 
1. A poWer controller for an arc lamp, comprising: 
a ?rst control device con?gured to regulate electrical 
poWer supplied to the arc lamp, Wherein said ?rst 
control device comprises a transformer and plurality of 
capacitors adapted to be coupled to the arc lamp, and 
Wherein at least some of said capacitors are adapted to 
be coupled to the arc lamp by sWitches operable to vary 
the electrical poWer provided to the arc lamp; 

a sensor for determining a temperature of the arc lamp and 
generating an output representative of the temperature; 
and 

a second control device coupled With said ?rst control 
device and responsive to said sensor output for regu 
lating the temperature of the arc lamp such that the 
temperature of the arc lamp is maintained Within a 
range dependent on the poWer supplied to the arc lamp 
as regulated by said ?rst control device. 

2. The poWer controller of claim 1, Wherein the arc lamp 
has a nominal operating poWer, and Wherein said ?rst and 
second control devices cooperate to operate the lamp Within 
3 percent to 7 percent of the nominal operating poWer. 

3. The poWer controller of claim 1, Wherein said ?rst 
control device is con?gured to regulate at least one of a 
current and a voltage provided to the arc lamp. 

4. The poWer controller of claim 1, Wherein said second 
control device comprises an air?oW generator con?gured to 
direct a How of air across the arc lamp. 

5. The poWer controller of claim 1, Wherein said sensor is 
con?gured to sense at least one of a current and a voltage 
provided to the arc lamp. 

6. The poWer controller of claim 1, further comprising an 
air?oW controller in communication With said sensor and 
said second control device, Wherein said air?oW controller is 
con?gured to receive said sensor output and vary operation 
of said second control device according to said sensor 
output. 
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7. The poWer controller of claim 6, Wherein said air?oW 

controller is further con?gured to vary operation of said 
second control device according to a signal indicative of at 
least one of a substrate position and substrate movement. 

8. A lamp system comprising: 
an arc lamp; 

a ?rst control device coupled With the arc lamp and 
con?gured to regulate electrical poWer supplied to the 
arc lamp, Wherein said ?rst control device comprises a 
transformer and plurality of capacitors adapted to be 
coupled to the arc lamp, and Wherein at least some of 
said capacitors are adapted to be coupled to the arc 
lamp by sWitches operable to vary the poWer provided 
to the arc lamp; 

a sensor for determining a temperature of the arc lamp and 
generating an output representative of the temperature; 
and 

a second control device coupled With said ?rst control 
device and responsive to said sensor output for regu 
lating the temperature of the arc lamp such that the 
temperature of the arc lamp is maintained Within a 
range dependent on the poWer supplied to the arc lamp 
as regulated by said ?rst control device. 

9. The lamp system of claim 8, Wherein said ?rst control 
device is con?gured to regulate at least one of a current and 
a voltage provided to the arc lamp. 

10. The lamp system of claim 8, Wherein said second 
control device comprises an air?oW generator con?gured to 
direct a How of air across the arc lamp. 

11. A method of controlling an arc lamp, comprising: 
using a sensor for determining a temperature of the arc 

lamp to generate an output; 
varying the temperature of the arc lamp according to said 

sensor output to maintain the lamp temperature Within 
a temperature range based on the sensed electrical 
poWer provided to the arc lamp; 

moving a substrate adjacent the arc lamp; 
operating the arc lamp; 
stopping the movement of the substrate; 
reducing the electrical poWer provided to the arc lamp to 

3 percent to 7 percent of its nominal poWer When the 
substrate stops moving; 

cooling the arc lamp With a How of air; and 
varying the How of air When the substrate begins to move. 
12. The method of claim 11, Wherein varying the tem 

perature of the arc lamp further comprises: 
varying a How of air directed over the arc lamp. 

13. The method of claim 11, Wherein sensing the electrical 
poWer provided to the arc lamp further comprises: 

sensing electrical current provided to the arc lamp. 
14. The method of claim 11, further comprising: 
controlling the electrical poWer supplied to the arc lamp 

such that the arc lamp is operating at betWeen 3 percent 
and 7 percent of its nominal poWer. 

15. The method of claim 11, further comprising: 
increasing the electrical poWer provided to the arc lamp 
When the substrate begins to move. 


